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USING THE BIG IDEAS OF MATHEMATICS  
TO ‘CLOSE THE GAP’ 
Tom J Cooper, Merilyn G Carter, James A Lowe 
YuMi Deadly Centre, Queensland University of Technology (QUT) 
 
Researchers at QUT have developed a mathematics pedagogy (AIM) that seeks to achieve 
deep learning of powerful mathematics, particularly in Indigenous and low SES schools. 
AIM is a vertically structured pedagogy intended to ‘close the gap’ for underperforming 
students. It is based on the big ideas of mathematics, drawing on the Piagetian notion of 
schemas and Skemp’s approach to relational understanding of mathematics. After 
initially partnering with eight schools to provide teacher training and support for the 
implementation of AIM the program, early outcomes were encouraging. There is 
evidence to suggest that a program based on big ideas of mathematics and vertical 
sequencing enabled significant acceleration.  
INTRODUCTION 
The mathematics performance gap between Indigenous and low SES students and other 
students is particularly large in Australian schools. In response to this, researchers at the 
YuMi Deadly Centre (YDC) at the Queensland University of Technology (QUT) 
developed a mathematics pedagogy called YuMi Deadly Maths (YDM). YDM seeks to 
achieve deep learning of powerful mathematics, particularly in Indigenous and low SES 
schools, so that students have improved employment and life chances. YDM embraces 
the ‘big ideas’ of mathematics, that is, ideas that illuminate a variety of topics across many 
year levels, as a central framework for the teaching of mathematics in the primary and 
secondary years. It is the basis of several different programs that assist mathematics 
teachers in addressing the needs of students at all levels of mathematical understanding,  
This paper focuses on a YDM program called Accelerated Inclusive Mathematics (AIM) 
that uses big ideas and a vertical curriculum to accelerate learning of junior secondary 
Indigenous and low SES students to ‘close the gap’ between these students and other 
students. The paper is an initial analysis of the effect of the first interventions based on 
AIM on students in Indigenous and low SES schools in Queensland Australia. It discusses 
AIM’s views on connections, schema, big ideas, sequencing and vertical curriculum, 
describes the design of the interventions, provides findings from the first case studies, and 
draws conclusions for the use of big ideas in remediation and acceleration. It complements 
a more theoretical paper on the definition and use of the big ideas of mathematics in YDM 
by Carter, Cooper and Lowe (2016).   
THEORIES UNDERLYING AIM 
AIM is a remedial pedagogy that is based on accelerated unlearning/relearning of 
mathematics ideas. It is based on constructivist theories that come from the work of 
Piaget (1977) and Vygotsky (1978) that individuals need to actively construct meaning 
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from experiencing guided activities in the social milieu (Davydov & Kerr, 1995; 
Jardine, 2006). It is also based on the importance of this meaning relating to the 
fundamental structures of mathematical knowledge, particularly the importance of 
students’ knowledge being relational (Skemp, 1977), principled/conceptual (Leinhardt, 
1990) and structural (Sfard, 1991). It integrates constructivism and structural 
knowledge based on the principles of Alexander and Murphy (1998) and taking 
account of the integrity of structure alluded to in Sriraman and English (2010).  
Connections, schema and big ideas. AIM assumes that humans learn by organising 
knowledge into schemas that are stored for use when needed to understand and respond 
to situations. Learning occurs by increasing the number and complexity of the schemas 
and integrating schemas by adaptation (adjustment) to the world, through the processes of 
assimilation or accommodation (Piaget 1977). Where possible, existing schemas are used 
to understand (assimilate) new information. A general schema that is not context-specific 
can facilitate the assimilation of many types of new information (Richland, Stigler, & 
Holyoak, 2012). It is such schemas (called big ideas) that are the basis of AIM.  
Successful assimilation creates a state of equilibrium in the learner. When the new 
information cannot be assimilated into existing schemas, a state of disequilibrium occurs 
which is resolved (schemas are changed or supplemented) through the process of 
accommodation. It follows that learning is easier if assimilation is possible, and this is 
more likely if big schemas (big ideas) are available. However, if learners fail to develop a 
relational understanding of mathematics (Skemp, 1976) as a framework of connected big 
ideas, there are few adequate schemas to draw on to assimilate new knowledge. The result 
can be a large number of disconnected facts that cannot be generalised and require drill 
and practice methods to ensure future recall (called instrumental knowledge by Skemp). 
To reinforce underlying mathematical principles, there has been recent renewed interest 
in big ideas (Askew, 2013). This interest has resulted in big ideas being seen as the central 
organizing ideas (Schifter & Fosnot, 1993) that robustly link many mathematical 
understandings into a coherent whole (Charles, 2005). Big ideas have been characterised 
as having potential for: (a) encouraging learning with understanding of conceptual 
knowledge; (b) developing meta-knowledge about mathematics; supporting the ability to 
communicate meaningfully about mathematics; and (c) encouraging the design of rich 
learning opportunities that support students’ learning processes (Kuntze et al., 2011). It 
has been argued that relating new concepts to big ideas promotes understanding, thus 
enhancing motivation, further understanding, memory, transfer, attitudes and beliefs, and 
autonomy of learning (Lambdin, 2003). Many argue, explicitly or implicitly, for the need 
for the big ideas to transcend the various branches of mathematics and also year levels 
(e.g., Morgan, 2012; Siemon, Bleckly, & Neal, 2012). However, as Carter et. al (2016) 
argued, agreement is harder to find when it comes to listing the big ideas.  
AIM uses such ideas as an effective way of accelerating underperforming students. The 
program includes a taxonomy and detailed list of big ideas (see Carter et al., 2016).  
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Sequencing, vertical curriculum and big ideas. It is crucial that sequencing between 
connected ideas is seamless, where the transition from one idea to the next is not impeded 
by concepts taught in a way that do not support (or, worse, are contrary to) future 
developments. For example, if whole numbers are taught by adding like place values (and 
renaming if needed), the ground is prepared for algebraic addition which involves adding 
like variables. In contrast, denying the existence of negative values in the early years (for 
example, “you can’t take 5 from 3”) leads to confusion when subtraction requires 
regrouping.  
AIM was designed for the junior secondary years where it provides teacher professional 
development (PD) and resources for use with students who are more than three years 
behind their age level in mathematics performance. They have been designed to teach six 
years of mathematics in three. To do this, a series of vertically sequenced modules 
covering Year 3 to 9 content were developed, each focussing on a few big ideas. They 
were based on the structured sequencing theory (Cooper & Warren, 2011) that was 
designed to develop big ideas across time. Figure 1 diagrammatically shows the difference 
between AIM’s vertical curriculum and traditional horizontal curriculum. The horizontal 
approach, more commonly used to teach school mathematics, in which every topic is 
taught each year, is shown at the left of Figure 1. AIM’s vertical structure, which teaches 
one-third of the topics in each year, arranged so that by the end of three years, all topics 
in the curriculum have been covered, is shown at the right of Figure 1. Both approaches 
seek to reach the same outcome by the end of Year 9 but in different ways. 
       Yr 9            Yr 9 
 
 
       Yr 3            Yr 3 
             Year A       Year B          Year C            Year A    Year B             Year C 
 “USUAL” HORIZONTAL  GROWTH   MODULE-BASED VERTICAL GROWTH 
Figure 1 Normal/horizontal and module-based/vertical mathematics growth 
Horizontal programs that revisit topics iteratively (often more than annually) usually take 
a spiralling approach. Each time a topic is revisited, there is a review of past learning to 
refresh the students’ knowledge and provide links to the proposed new learning, followed 
by new work that builds on additional layers of knowledge and complexity. A vertical 
program based on modules, each of which develops a big idea from the foundations to 
advanced concepts, can be more time-efficient by eliminating the need to regularly revisit 
past learning, and because a good foundational knowledge of a big idea accelerates its 
future application. However, the use of modules results in only a small number of topics 
being taught in a particular year, with each of these topics are taught up to the Year 9 level. 
In other words, growth in mathematics changes from enhancing learning of all topics 
across each of the three years to adding new topics to fill in the gaps.  
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DESIGN OF INTERVENTIONS 
YDC achieved its mission by entering into partnerships with schools to provide 
training and support for the implementation of the program in the school. Teachers 
attended PD for six to eight days per year for two or three years, depending on project 
arrangements between YDC and client schools. The schools also received resources 
and support in the form of an AIM Overview book, 24 half-term teaching modules 
(eight per year) each with pre-post tests, an online website, school visits by YDC 
practitioners if required, and a coordinator to organise the PD and answer questions. 
The training focussed on the AIM pedagogy and how to implement it in schools, and 
encouraged the teachers to trial the modules using an action-research approach. 
The school AIM projects were design-based case studies (Cobb, Confrey, Lehrer & 
Schauble, 2003) using mixed methods data gathering techniques (observations, interviews, 
surveys, observations, teachers’ feedback, and class pre-post test responses). They were 
also based on the empowering outcomes decolonising methodology (Tuhiwai Smith, 
2012), with the research designed to benefit the researched. The trained teachers were 
encouraged to trial the AIM ideas in their classrooms and then undertake in-school training 
of other teachers. For the trials, the trained teachers were asked to give the pre-post tests 
in the modules to their students and provide de-identified class responses to YDC staff. 
The data was considered using a case study approach. Within each case, the data was 
analysed to determine any changes in students’ mathematics knowledge and engagement. 
These changes were related to the characteristics of the case, PD activity, the trained 
teachers’ responses about teaching and training other teachers, and other teachers’ 
responses about teaching (where relevant), in order to determine the reasons for them.  
As discussed earlier, the goal of the AIM project was to develop, over three years, the 
mathematical knowledge and skills that would usually be covered in the first ten years of 
schooling. To achieve this, the AIM program provided 24 vertically sequenced half-term 
modules based on big ideas that covered all mathematics up to Year 9. They were divided 
into three years, covering basics, multiplicative ideas, and generalisation, respectively.  
Like all YDM programs, AIM did not seek to provide a prescriptive ‘of the shelf’ teaching 
recipe. Instead, it aimed to expand teacher capacity through a multi-year program of 
training and support that included pedagogical approaches, mathematical content, 
teaching ideas, and activities, structured around the big ideas of mathematics. However, 
teachers were encouraged to make their own pedagogical decisions based on 
understanding of big ideas and knowledge of their students. 
RESULTS AND DISCUSSION OF FIRST INTERVENTIONS 
The first interventions were trials of the eight first-year modules. They were (in order) 
whole numbers, decimal numbers, addition and subtraction, length-capacity-mass, 
multiplication and division, perimeter-area-volume, 2D and 3D shape, and tables and 
graphs. The first year was designed to prepare students for vocational education and 
training (VET) options (e.g., Certificate II in a trade). The module resources provided 
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active teaching ideas that started from the context/culture of the students, moved through 
bodyhandmind activities and reflected back to the students’ world. The interventions 
were undertaken with nine secondary schools, summarised in Table 1. Six of the schools 
had more than 95% Indigenous students. Each school had at least one Year 8 class with 
greater than 25% Indigenous students in which all students were operating at mid-primary 
level in mathematics (there were 14 classes in all). At the time, Queensland secondary 
schools commenced at Year 8 (and not Year 7 as now). 
Table 1. Schools in AIM trials 
School System School type Remote Over 95% Indigenous 
1 Independent Boarding/Day No Yes 
2 Independent Boarding No Yes 
3 State Community school Yes-culturally Yes 
4 Catholic Boarding No Yes 
5 Catholic Boarding/Day No No – 25% 
6 Catholic Boarding/Day No No – 25% 
7 Independent Community school Yes-culturally Yes 
8 State Boarding/Day Yes-distance No – 25% 
9 State Community school Yes-culturally Yes 
The intervention results were affected by the schools’ characteristics, including (a) 
challenges in terms of behaviour and attendance, (b) rapid turnover of principals, teachers 
and students (particularly for the community schools), (c) continual changes from systems 
in the nature of the mathematics pedagogy, and (d) community activities changing school 
activity. The findings were also affected by the teachers’ characteristics such as (a) extent 
of change in teaching to meet the needs of AIM; (b) acceptance of and use of big ideas; 
(c) knowledge of mathematics and mathematics education (over 80% of the teachers in 
the AIM program were teaching out of field and had no tertiary training in mathematics 
or mathematics teaching); and (d) readiness to spend time ensuring pre-post tests were 
administered correctly. This paper focuses on four cases where the outcomes were 
relevant to big ideas pedagogical approach. 
Decimal results higher than whole numbers. One of the startling initial results was that, 
although pre-tests showed that students understood whole numbers better than decimals, 
the pre-post tests showed greater improvement in decimals, resulting in students’ 
knowledge of decimal numbers that was significantly better than of whole numbers. In 
interviews, teachers agreed with this result, explaining that it was because the whole 
number work helped decimal number understanding. The whole and decimal number 
modules were built around the same five big ideas: notion of unit and part-whole; additive 
structure and counting; multiplicative relationships; number line; and equivalence. 
Teachers reported that their students stated that the decimal work was “the same” as for 
the whole number, showing that they recognised the structural similarity. Thus, the whole 
number modules prepared the students for the decimal module and the organic nature of 
big ideas (Skemp, 1976) enabled assimilation and acceleration of learning.  
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Additionally, AIM ensured that all learning in the whole numbers module was seamlessly 
sequenced with decimal numbers. For example, the multiplicative structure presented 
multiplying or dividing by 10 as the left or right movement of place-value positions (not 
adding and removing zeros). The extra work that this required in whole numbers was 
compensated by the acceleration of learning in decimals. This result was a strong 
validation for the AIM approach to acceleration and result confirmed the vertical 
curriculum as the AIM structure.  
Multiplication/division results not higher than addition/subtraction. Whilst the 
addition/subtraction and multiplication/division modules were also based on the same big 
ideas, there was not the same improvement in the later module, seemingly contradicting 
the whole number/decimal findings. In discussions, the teachers admitted to not following 
the big ideas approach of the modules. This was supported by PD leaders who advised 
that the teachers found these modules on operations too difficult and felt they could not 
teach them. The teachers considered that the modules contained too many different big 
ideas in which they lacked experience. The operations had been explained in terms of the 
big ideas of meaning (concepts), relationships/laws (principles) and separating into parts 
(strategies), but the teachers saw operations only in terms of computation. In the second 
year, the principle big ideas were moved to a new third year module on translating 
arithmetic principles to algebra. With only concepts and strategies to deal with, which 
could be related to computation, the teachers came to believe that they could teach the 
module and problems disappeared, demonstrating that program knowledge cannot 
outpace teacher knowledge. 
Enhanced capacity of teachers, including out-of-field teachers. There were significant 
increases in the teachers’ capacity to teach mathematics where there was staff stability. 
Teachers came to like teaching with AIM; becoming more motivated, confident and 
knowledgeable about mathematics and its teaching over time. In particular, this was true 
for out-of-field teachers, a finding supported by a Queensland Government audit of 
teachers in Queensland. The audit highlighted AIM as an example of a PD program that 
trained out-of-field teachers to be able to teach mathematics effectively. This was 
particularly important because AIM’s target schools have high numbers of out-of-field 
teachers (over 80% in this AIM intervention). AIM’s focus on big ideas and teacher 
capacity had a two-fold positive effect, on teachers as well as students.  
Student participation in senior secondary improved. AIM pre-post test results were 
nearly always strongly positive for all modules, but the main objective of AIM was that 
students would be able to access senior mathematics subjects after three years. In the past, 
mathematically underperforming students dropped out or failed in Year 10 and left school 
with low employability. However, this trend was reversed in those AIM schools that had 
stability in leadership, staff and students. Principals reported that students were continuing 
into Year 11 with good mathematics performance.  
One boarding school had the strongest success, with 13 of the 16 students who started 
AIM in Year 8 succeeding in University entrance mathematics courses in Year 11. This 
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school taught AIM as a support to their normal mathematics subjects, using the resources 
to develop their own programs. Their teacher said that AIM had given the students 
confidence in their ability to continue studying mathematics. Teachers using the modules 
as a resource to improve their existing programs has become a major part of the latest 
AIM projects, with recent reports that AIM students are outperforming their non-AIM 
counterparts who were assessed as having higher initial knowledge. 
CONCLUSIONS 
These are only a small indication of findings of the analysis of AIM’s effects on 
underperforming students. Although effects on Indigenous and low SES schools are 
difficult to unpack, there is a strong belief that a mathematics programs based on big ideas 
and vertical sequencing enabled significant acceleration. The program must take account 
of teacher knowledge and student knowledge, but can provide two-fold outcomes. The 
evidence suggests that a big ideas approach works because it: (a) covers many 
mathematical ideas; (b) reduces need for rote procedures; and (c) is organic allowing later 
work to be assimilated. It also argues that vertical sequences work because the same ideas 
operate throughout the module and early learning provides the foundations for later 
learning. It also seems that big ideas and vertical sequences are particularly suited to 
students from Australian Indigenous and low SES backgrounds, the main targets of AIM. 
These learners tend to be holistic in learning style, moving from whole to parts, and not 
aligned with the traditional algorithmic teaching methods that move from parts to whole. 
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